We present the observations of GRB090510 performed by the Fermi Gamma-Ray Space Telescope and the Swift observatory. This is a bright, short burst that shows an extended emission detected in the GeV range. Furthermore, its optical emission initially rises, a feature so far observed only in long bursts, while the X-ray flux shows an initial shallow decrease, followed by a steeper decay. This exceptional behavior enables us to investigate the physical properties of the GRB outflow, poorly known in short bursts. We discuss internal shock and external shock models for the broadband energy emission of this object.
INTRODUCTION
With the availability of a relatively large sample of Gamma-Ray Bursts (GRBs), we came to recognize that they comprise of two large classes (Kouveliotou et al. 1993) : the so-called short-hard GRBs (duration 2 s) and the long-soft ones ( 2 s). There is now increasing consensus that the observed dichotomy among long/short GRBs may indicate diverse initial physical conditions and progenitors. Long GRBs are associated with the demise of massive stars (Ferrero et al. 2006) . Instead, short GRBs often occur in early-type galaxies (Zhang et al. 2009; Gehrels et al. 2009; Fong et al. 2009 ). This supports their interpretation in terms of compact object mergers.
Crucial information on GRBs is revealed by their afterglows, which can be monitored by Swift (Gehrels et al. 2004) in the optical and the X-ray range as soon as ∼ 100 s after the burst. In this paper, we present the study of the short GRB090510 with Swift and Fermi in a broad energy range, which extends from the optical up to a few GeV.
We report our observations and analysis in §2; in §3 we propose two different interpretations, in §4 we draw our conclusions. Hereafter, we use the conventions X = 10 n X n for cgs units and F ∝ t −α ν −β , where F is energy flux, t is the time from the trigger of Swift Burst Alert Telescope (BAT; Barthelmy et al. 2005a ) and ν the frequency. Errors are reported at 1σ, unless otherwise specified. We assume a cosmology in which H 0 = 71 km s −1
Mpc
−1 , Ω m = 0.27, Ω λ = 0.73. All the fluxes, times and frequencies are measured in the observer's frame.
OBSERVATIONS AND DATA ANALYSIS.

BAT data
At 00:23:00 UT, May 10th, 2009, BAT, which operates in the 15-350 keV range, triggered on GRB090510 (Hoversten et al. 2009 ). Swift slewed immediately to the burst. The duration was T 90 = 0.30 ± 0.07 s. Detailed analysis of the BAT data is shown in Ukwatta et al. (2009) .
XRT data
The Swift X-ray Telescope (XRT; 0.3-10 keV; Burrows et al. 2005) began to observe the X-ray afterglow of GRB090510 at T+98 s. The lightcurve (Fig. 1) shows an initial slow flux decline. Observations were interrupted when the source entered the Earth constraint at T+1.9 ks. When they resumed, at T+5.1 ks, the flux was much lower. A broken powerlaw fit of the lightcurve gives as best fit parameters an early decay slope α X,1 = 0.74 ± 0.03, break time t X = 1.43 +0.09 −0.15 ks, late decay slope α X,2 = 2.18 ± 0.10; χ 2 = 112 with 77 degrees of fredom (d.o.f.), which is still marginally acceptable (chance probability P = 0.0054).
UVOT and other optical data
The Swift Ultra Violet and Optical Telescope (UVOT; 160-800 nm; Roming et al. 2005; Poole et al. 2008) began settled exposures at T+97 s. The lightcurve of the optical afterglow, produced by renormalizing all individual filters to white, as described in Oates et al. (2009) , is shown in Fig. 1 . The optical emission rises until ∼ 1.6 ks, then decays. The optical lightcurve is well fitted (χ 2 = 23.9 with 19 d.o.f.) by a broken powerlaw (Beuermann et al. 1999 ) with a smooth break.
The best fit parameters are: α Opt,1 = −0.50 +0.11 −0.13 ; t peak = 1.58
+0.46
−0.37 ks; α Opt,2 = 1.13
Adding a constant does not improve the fit significantly, suggesting a small host galaxy contribution. Very Large Telescope observations (Rau et al. 2009 ) provide a spectroscopic redshift of z = 0.903. Using this redshift and the Fermi spectral parameters, the isotropic equivalent energy of GRB090510 is E iso = 1.08 × 10 53 ergs in the 10 keV -30 GeV rest frame (Abdo et al. 2009 ).
2.4. Fermi data GRB090510 triggered both instruments onboard the Fermi observatory (Guiriec et al. 2009; Ohno, & Pelassa 2009 ). The Gamma-ray Burst Monitor (GBM; 8 keV -40 MeV) observed the burst during the prompt emision phase, and after an autonomous repointing, the Large Area Telescope (LAT; 20 MeV -more than 300 GeV) began observations and detected a longlasting (up to 200s) high-energy (up to 4 GeV) emission. The analysis and interpretation of the prompt emission is presented in Abdo et al. (2009) . Follow up observations lasted until 1500 s when the source was occulted by the Earth, and resumed ∼ 3.5 ks later. The observation epochs are defined in Table 1 . A time-resolved spectral analysis using diffuse events (Atwood et al. 2009 ) was performed ( Table 1 ). The spectrum shows no significant evolution, and it is well-fitted by a powerlaw with energy index β γ = 1.1 ± 0.1. The lightcurve shows no significant feature and is best fitted by a powerlaw. The onset of the GBM emission (T+0.013 s) is a sensible reference for this temporal fit and yields a decay index α γ = 1.38 ± 0.07 (χ 2 /dof = 9.4/7) ( Fig. 1 ). For the binned spectral analysis described in §3.2, transient events from an energy-dependent region of interest were used, and front and back events were treated separately (Atwood et al. 2009 ).
DISCUSSION
GRB090510 was a short burst with a relatively bright afterglow, and E iso is among the highest for this class (Graham et al. 2009 ). The early rise of the optical flux is so far unique in short GRBs. More importantly, GRB090510 shows high energy emission up to the GeV range, until T+200 s.
Energetic short GRBs with optical transients, such as GRB050724 (Barthelmy et al. 2005b) , typically have extended emission (EE) detected by BAT and XRT, following the hard emission spike (Troja et al. 2008) . If GRB090510 had occurred at z = 0.26, as GRB050724, it would have produced a flux in the BAT range of a few 10 −9 ergs cm −2 s −1 until ∼ 100 s, and we would have classified it as an EE-GRB.
The nature of this high energy emission is nevertheless not easy to understand. EE often fades slowly for a few hundreds of seconds, then vanishes with a slope which can be as fast as α ∼ 7; after this sudden drop a late afterglow with a typical decay slope α ∼ 1.4 is sometimes observed (e.g. GRB050724; GRB080123, Mangano et al., 2008) . The fast decay and the extrapolation of the late afterglow back to early epochs suggest that EE is not the onset of the late afterglow (Nakar 2007) . Furthermore, in a few cases where the EE is bright enough to be studied in detail (Norris & Bonnell 2006) , it is found to have variations too rapid to be explained with external shock models (Mészáros & Rees 1993) . EE might instead indicate a declining activity of the GRB central engine (Rosswog 2007; Metzger et al., 2008; Perna et al. 2006; Goad et al. 2007) ; once this activity ends, then falls abruptly, and the forward shock (FS) emission prevails.
In other cases, however, the flux decay from the beginning of Swift observations seems due to the usual FS mechanism, such as in GRB051221 and GRB 061201 (Stratta et al. 2007) .
We propose and discuss separately 2 scenarios to explain the emission after the initial spike: in the first one, the emission is due to both external FS and internal shock, (IS, Rees & Mészáros 1994) while in the second the emission is due to FS alone.
3.1. X-ray internal shock, optical external shock In the first scenario we assume that the initial Xray (until the break at ∼ 1.4 ks) and γ-ray flux are IS emission, while the FS is responsible for the optical lightcurve and the late X-ray flux. In particular, the optical rise may be due to the onset of FS emission, detected 10 2 − 10 3 s after the trigger in long GRBs (Oates et al. 2009 ). This model can explain the different behavior of the early X-ray/LAT and optical lightcurves.
We constrain some physical properties of the FS blastwave. The initial Lorentz factor of the ejecta is
peak,3 (Sari 1997) , where E is the isotropic kinetic energy, n the environment density in cm −3 , and t peak is the peak time. The maximum FS flux is at the synchrotron characteristic frequency ν m , and it is F νm = 1.3 × 10 4 E 53 ǫ 1/2 B,−2 n 1/2 µJy (Granot & Sari 2002) , where ǫ B is the fraction of internal energy in the magnetic field.
These parameter values must be consistent with Γ 0 1000 (Abdo et al. 2009 ) and with the UVOT data, which give a 3σ lower limit on t peak > 730 s and a peak flux F ≃ 100µJy. The first constraint can be written E 53 n −1 > 2.6 × 10 6 . If ν m is just below the optical band, the constraint on the flux becomes E 53 ǫ 1/2 B,−2 n 1/2 ≃ 7.7 × 10 −3 . Assuming ǫ B,−2 ≃ 1, the model is consistent with observations for E 53 5.4, while n ≃ 5.9 × 10
53 . The XRT and LAT fluxes can be explained by IS synchrotron emission with ν c < ν Opt < ν sa < ν X < ν m , where ν c is the synchrotron cooling frequency and ν sa is the synchrotron self-absorption frequency (Guetta & Granot 2003) . The synchrotron luminosity, estimated from the 100s spectral energy distribution (SED, Fig. 2 ), is L ≃ 10 50 erg s −1 . We find that for this value of L and for p = 2.4, ǫ e,−1 = 5.5, ǫ B,−2 = 33, Γ = 410, t v = 3 × 10 −5 s, where p, ǫ e , Γ and t v are the index of the powerlaw electron energy distribution, the fraction of energy given to electrons, the bulk Lorentz factor and the variability timescale respectively, we have ν m ≃ 210 keV, F(1.7 keV) ≃ 75 µJy, which is within a factor ∼ 3 from the observations, and F(100 MeV) ≃ 4.2 × 10 −3 µJy, which is consistent within 2σ of the data. The cut-off energy for pair production is hν γγ ≃ 1.6 GeV, thus allowing the late emission of ∼ 1 GeV photons. IS does not produce detectable emission in the optical, since this is below ν sa ≃ 0.32 keV.
Compared with the scenario presented in §3.2, this model has the advantage of not requiring extreme values of Γ 0 to explain an early (few seconds) FS emission onset in a low density environment expected for a short burst. However, it needs some fine tuning of parameters. The optical rise slope α Opt,1 = −0.5 is shallower than that expected at the FS onset (α = −2), although similar slow rises have been observed (Oates et al. 2009 ). It is possible that the onset of our observations caught the end of this steep rise phase, when the afterglow was turning over to a decay. Another possible problem is that the required density appears very low. We note that the observed slope would be expected if ν m were crossing the optical band and, in general, broad FS onset rises are also expected for outflows observed off-axis (Panaitescu & Verstrand 2008) . However, a bright and hard event such as GRB090510 is difficult to reconcile with the latter scenario, which predicts soft and dim prompt emission (Yamazaki et al. 2002) .
3.2. Optical, X-ray and GeV emission from external shock. A second possibility is that the afterglow of GRB090510, including the emission detected by LAT, is entirely produced by the FS propagating in a constant density medium (Sari et al. 1998) . According to the model, the broad afterglow spectrum 1 consists of three segments: a low-energy tail, of spectral slope β 1 = −1/3; another segment, for ν m < ν < ν c , where β 2 = (p − 1)/2; blueward of ν c , the third segment has β 3 = p/2. For comparison with this spectral template, we built up 5 SEDs, at 100 s, 150 s, 1 ks, 7 ks, and 12 ks (Fig. 3) , all including UVOT and XRT data, and LAT data were also included in the first SED. LAT data were accumulated between 10 s and 200 s (i.e. well after the end of the prompt emission seen in the GBM), and renormalized to 100 s using the decay index of α γ = 1.38. We fitted the SEDs simultaneously with a double broken powerlaw model, forcing β 1 = −1/3 and β 3 = β 2 + 1/2. We allowed the breaks to vary and Galactic and host extinction were accounted for. The result is acceptable (χ 2 /d.o.f.=110.3/83) and is shown in Fig. 3 and Table 2 . The FS alone could successfully describe the spectrum over 9 decades of frequency. A break between X-ray and γ-ray ranges is fitted, at E b 2 ≃ 300 MeV, but not constrained. It is studied more precisely by fitting the 100 s SED alone, freezing N H and E(B − V ) at the 5 SEDs fit results and leaving β 2 and β 3 free to vary (see Table 2 ). This fit fulfills the relation β 3 = β 2 + 1/2 (at 1.3 σ) and a significant break is found (3.6 σ), although it yields a slightly harder β 2 (1.8 σ) than the 5 SED fit shown in Fig. 3 . The LAT emission shows no spectral evolution, even at early times. Therefore, to better characterize the high-energy spectrum, the SED at 100 s was rebuilt including LAT data between 0.38 s and 200 s (see Table 2 and Fig. 2) . A significant break (> 4.5σ including systematics) between 10 and 133 MeV was found. However, including this selection of LAT data in the 5 SED fit yields a worse fit (χ 2 /dof = 125.3/83) than that shown in Fig. 3 .
In this FS interpretation, the initial increase of the optical emission is due to ν m approaching the optical band. The X-ray is already decaying because it lies above ν m . In order to verify whether the required physical parameters are plausible, we impose the following constraints: i) F (1 ks) ≃ 2.2 µJy at 10 18 Hz and ii) ν m (1 ks) ≃ 10 16 Hz. Adopting the expressions for F νm , ν m , and ν c from Granot & Sari (2002) , the constraints above lead to 1 The self-absorption frequency is not relevant in this study. , where ξ p = 3(p − 2)/(p − 1) and ν os = ν m (1 ks)/10 16 Hz. We verified that the synchrotron self-Compton cooling is not significant for t ≤ 1.5 ks and ν c (1.5 ks) > 10 18 Hz for a reasonable range of parameters (Nakar et al. 2009 ). A very low, but not implausible, density is suggested.
The flux at 100MeV is
(1) This is consistent with the LAT data at 100s, provided E 53 ǫ e,−1 ≃ 5, p ≈ 2.5, ξ p ≈ 1, and ν os ≈ 1. For these parameters, ν c ≪ 4GeV at t 1 s, so that the flux in the LAT energy range is approximated to be F ∝ t (2−3p)/4 ∼ t −1.4 at t 1 s, consistent with the LAT light curve. We note that Γ 0 > 5800E
is required for the FS onset time to be 1 s.
In summary, the spectral properties of GRB 090510 could be explained by a simple FS model. We note, though, that this simple model is hard to reconcile with some of the observed temporal properties. Firstly, it predicts an X-ray decay index before the break of α = 3β 2 /2 = 1.16 ± 0.06, clearly inconsistent with the observed α X,1 = 0.74±0.03. Secondly, if the X-ray break at t = 1.4 ks is attributed to a jet break (Sari et al. 1999) and, after this time, optical and X-ray lie on the same spectral segment, then the asymptotic optical decay index should be the same as α X,2 = 2.18 ± 0.10. However, a fit of the whole lightcurve with a smooth broken power-law ( §2.3), adding a constant (as a host galaxy contribution), gives an asymptotic decay slope α Opt,2 = 1.13
+0.17
−0.09 , incompatible with the X-ray decay. Finally, although the error bars are quite large, we notice that, taken at face value, the slope of the UVOT spectrum in the 1 ks SED is negative (Fig. 3) , suggesting that ν m may be already below the optical at that epoch.
The above mentioned flaws imply that the simple FS model is not viable to explain the properties of GRB090510. However, this model relies on highly idealized assumptions, and it is known that several GRB afterglows do not strictly follow its simple predictions. Plausible effects that may affect the predictions and ease the comparison with GBR090510 are: -a phase of energy injection (Sari & Mészáros 2000) , or an evolution of the microphysical parameters of the blast wave ; both may cause an early shallow decay of the X-ray flux;
-the transit of ν m slightly after the jet break, which could explain a shallow late optical decay.
With the present data, we are unable to distinguish between energy injection and microphysical parameter evolution. As for the X-ray decay post jet break, hydrodynamical simulations show that initially the jet decay slope can reach α ≃ 3 (Granot 2007) . Both the processes of energy injection and parameter evolution are capable of keeping the decay shallower, so that a late X-ray decay slope of α X,2 = 2.18 ± 0.10 could be achieved. Therefore, with some extensions, the FS model could arrange the temporal properties, although some fine tunings would be needed.
CONCLUSIONS
We have reported the Swift and Fermi observations of the short GRB090510, an event endowed with bright prompt and afterglow emission, and detected in the GeV range up to 200 s after the trigger. The initial X-ray emission shows a slow decay up to ≃ 1.4 ks, after which it quickly drops. The optical flux peaks at ≃ 1.6 ks. We have explored two scenarios to explain the observed behaviors. In the first scenario, the early flux detected by XRT and LAT is due to IS, while the optical rise is the onset of FS emission or the transit of ν m . This interpretation does not require extremely high values of Lorentz factor, should the density of the environment be very low. We also find that reasonable values for the physical parameters can lead to the observed properties, which might favour the model, although some fine tuning is necessary. The second scenario assumes that the FS produces the full spectrum of the emission, observed from the optical to the GeV band. The γ-ray, X-ray and optical spectrum can be reproduced by the template FS spectral model and the required physical parameters are plausible. Although the simple FS model fails to reproduce the observed temporal behavior, extensions of this model could accommodate the temporal mismatch. In order to identify the origin of the GeV component of GRBs like 090510, more case studies will be necessary. Fortunately, we have very promising prospects for other simultaneous Fermi and Swift observations of short GRBs, which will provide us with more measurements to shed light on the properties of this class of events.
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